ideogram for Xin is heartlike in shape. A range of meanings are conveyed by this character, including that of the anatomic heart, but also heart in general, center, and core (www. thebuddhadharma.com). The etymology of this richer usage for the Chinese word Xin is thought in part to be from Sanskrit, emerging during the time Buddhist teachings first took hold in China. The authors have thus chosen a name for their gene of more nuance than first appearances would suggest.
On the basis of earlier work on the chick homolog of Xin, the authors hypothesized (13) that mXin␣ homozygous null embryos would die in utero. Instead, it was found that null mutants were born viable and grew into fertile adults, which nonetheless became sickly with a dilated cardiomyopathy and cardiac conduction defects. Given this turn of events, it perhaps comes as no surprise that the authors also report that a second Xin homolog, mXin␤, is upregulated in mXin␣-knockout hearts. Ironically, this active redundancy within the Xin family could in the long run lend more support to the authors' contention that these proteins are requisite components of the disk than if the initial expectation of embryonic lethality had been fulfilled. Consider the apropos case of connexin 43 (Cx43), a gap junction protein also found at the intercalated disk and once thought to be absolutely vital to beat-to-beat function of the heart. Although mice with cardiac-specific deletion of Cx43 do eventually succumb to fatal arrhythmias, knockout of this gene does not have lethal consequences during embryonic or early postnatal life (5, 14) . However, unlike mXin␣, loss of Cx43 is not known to be accompanied by a compensatory change in the 20 or so other connexins available on the mouse genome.
The developmental localization of mXin␣ is similar to that of Cx43 (2, 11, 12) , occurring in a lateralized distribution around the periphery of immature ventricular cardiomyocytes and becoming polarized within the intercalated disk during postnatal life (27) . mXin␣-knockout hearts are described as being hypertrophied and exhibiting disruption of the intercalated disk as well as myofilament disarray. Similar to a number of other cardiomyopathies induced by genetic manipulations of mice (7, 8, 15, 21) and as also reported in human cardiac disease (20, 22-25, 32, 34) , the authors find overall decreases in Cx43 level and a reversion to a more lateralized and immature pattern of distribution of the gap junction protein. These changes in Cx43 are suggested to contribute to the ECG abnormalities associated with the loss of mXin␣ and the accompanying cardiomyopathy.
While altered Cx43 is an explanation of some of the pathologies of the mXin␣-null heart, Xin isoforms appear not to link directly to gap junctions but to components of Ca 2ϩ -dependent cell adhesion junctions. The Xin repeat found in these proteins is a novel class of actin-binding domain, and mXin␣ binds directly to ␤-catenin (19), a component of the cytoplasmic plaque of the adherens junction. The authors suggest that it is the overlap of the catenin-binding domain with the Xin actin-binding repeat that ensures mXin␣ localization to adherens junctions at the disk, as opposed to its general codistribution with thin filaments throughout the myocyte.
The relationships between Xin and other intercellular junctions at the disk provide unresolved quandaries. ZO-1 is also an actin-and catenin-binding protein (17) that, unlike Xin, has a Cx43 interaction domain (9, 29) . As such, ZO-1 is potentially able to directly link to the gap junction, adherens junction, and actin cytoskeleton. Our laboratory has proposed that the Cx43-ZO-1 interaction is key to the organization and cellular distribution of cardiac gap junctions, first by providing something like a "grappling hook" for the actin cytoskeleton to bind the edge of the gap junction and exert remodeling forces on the plaque (4, 33) and second, and perhaps via this engagement at the plaque edge, by regulating the flow of new connexon channels into the gap junction (16) . There is increasing evidence that the interaction between cadherin-containing junctions and Cx43 gap junctions is important (26, 30, 31) , and proteins such as ␤-catenin, which has been shown independently to interact with both mXin␣ and Cx43 (1) , are likely to be key players in this transjunctional communication. Finally, at the international gap junction meeting in August 2007, the Nicholas Severs group (at Imperial College, London) reported that increased levels of ZO-1-Cx43 interaction occur at cardiac gap junctions in human dilated cardiomyopathy with associated changes in Cx43 level and organization similar to those reported in the mXin␣-null mouse. It will be fascinating to see how further insight into Xin function plays into the emerging dynamic between connexins, catenins, ZO-1, and the various other proteins that comprise electromechanical junctions at the intercalated disk.
So how are the strands of this commentary to be brought together? Well, there will be no convenient sticktogetheration, except to say that we hope the reader has been made sufficiently curious (or perhaps appalled) to turn to the cited article. There is also as yet no Zen-like resolution of the many unanswered questions associated with formation, maintenance, and pathologies of the intercalated disk, especially in relation to conduction of cardiac activation. We would conclude by suggesting that the intercalated disk is at the "Xin" of mammalian heart function and, in turn, mXin␣ may turn out to be a protein at the core of operation of the intercalated disk.
